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SUMMARY PAGE

THE PROBLEM

A previous report by Moroney and Smith showed the need for
designers to consider the correlations between anthropometric features when
designing workspaces. It was proposed that both the correlations between
anthropometric features and normal bivariate distributions for specific
correlations be made available to designers.

THE FINDINGS

This report makes the correlations between 96 anthropometric features

available to designers. The bivariote normal frequency distributions will be
made ar• .ilable in subsequent reports.
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IN IRODUCTION

An earlier report by Moroney and Smith (6) demonstrated an extreme
reduction in potential user population as a result of the use of pre-established
anthropometric percentile design limits. They examined thirteen cockpit/con-
sole-related anthropometric features of 1547 naval aviation personnel to deter-
mine the per cent of individuals not included within the routinely imposed 5th
and 95th and 3rd and 98th percentile limits. When the 5th and 95th percentile
limits were used, 52.6 per cent of the potential user population exceeded these

limits for at least one of the thirteen anthropometric features. When the 3rd

and 98th percentile limits were used, 32.2 per cent of the potential user popu-
lation exceeded these limits for at least one of the thirteen anthropometric fea-
tures. The elimination of such a considerable proportion of the potential user
population results from the fact that variables used in establishing design
limits are often only moderately correlated with one another, and persons with
extreme values on one variable are likely to be near average on another.
Moroney and Smith proposed the use of generalized bivariate normal frequency
distributions. These distributions were derived, in part, from data contained
in Tables of the Bivariate Normal Distribution Functions and Related Func-
tions (7). Twenty-five bivariate normal frequency distributions were prepared
for specific correlation values (from 0.00 to 0.95 in steps of 0.05 and from
0.96 - 1.00 in steps of 0.01) and are reported in both tabular (8) and figure (9)
format.

If designers are aware of the correlations between the anthropometric
features of interest, they can consult either the tables or the figures and deter-
mine, at least for two variables, what proportion of the population their design
decisions will include or exclude. The purpose of this report is to make those
required correlational data available to designers.

Designers who might employ these correlation tables are cautioned to
use correlations derived from a population most similar to that to which the
results will be applied. Considerable differences may exist among the inter-
correlations between variables for different populations. These differences
can most probably be attributed to the unique characteristics of the population
(race, age, etc.) and/or to artificial restrictions imposed for acceptance into

the population (e. g., within military organizations minimum and maximum
weights are established for specified heights). The correlation between height

and weight can provide a useful illustraticn: for the sample of naval aviators
under consideration r = .537; for USAF women r = .533 (2); and for U. S.
Army aviators r = .442 (1).
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PROCEDURE

In 1965, Gifford, Provost and Lazo (4) reported on 96 anthropometric
features of 1549 naval aviation personnel, who satisfied their criterion as naval
aviators. Their sample size comprised slightly more than 10 per cent of the
Navy and Marine Corps aviator population. The correlations coefficients con-
tained in the following tables were computed on these data. A listing of the
anthropometric features comprising the 96 x 96 correlation matrix is presented
on page four. Definitions and descriptions of the measurements collected are
contained in a report by Hertzberg, Daniels and Churchill (5).

In addition to the correlations, some common statistical measures were
chosen to summarize the measurement data. Briefly described the statistics are:

3) Mean - Specifically, the arithmetic mean or average which is the
sum of the values (E X) divided by the number of values (N).

(M = X )N

2) Standard Deviation - A basic measure of variability about the mean.

((X-M) 2
(S D = -NN

3) Range - Statement of the highest and lowest values.

4) Median - That point below or above which half of the measurements
collected for a particular anthropometric feature fall (50th percen-
tile).

5) 2nd percentile - A point a* ir below which 2 per cent of the mea-
surements fall.

6) 98th percentile - A point at or below which 98 per cent of the mea-
surements fall.

7) Skewness - A measure of symmetry of the distribution of values.
Negative values of skewness indicate a distribution with the left
tail extending out further than the right tail, and positive values
indicate the converse. A normal distribution has a skewness of
0.

( (X-M) 3
(SKEW - N (SD) 3
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8) Kurtosis - A measure which describes the shape of the distributions.
Negative values of kurtosis indicate a flat or platykurtic distribution,
a rectangular distribution has a kurtosis of -2, the maximum nega-
tive value. Positive values indicate a peaked or leptokurtic distri-
bution. A normal distribution (mesokurtic) has a kurtosis of 0.

x (X-M) 4

(Kurtosis - N(SD)M -34

Readers desiring a more d'tailed description of the above terms, particularly as
they relate to anthropometry, may examine the works of Churchill, McConville,
Laubach and White (1), or Damon, Stoudt and MaFarland (3).
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LISTING OF ANTHROPOMETRIC FEATURES

Table Table

Number Feature Number Feature

MASS MEASUREMENT FOOT MEASUREMENTS

1 Weight 52 Foot Length
53 Foot Breadth

LENGTH MEASUREMENTS HAND MEASUREMENTO

2 Stature
3 Tragion Height 54 Hand Length

4 Cervical* Height 55 Hand Breadth

5 Suprastemale Height 56 Hand Breadth at Thumb

6 Nipple (Chest) Height 57 Thicknes at Metacarpal Ill

7 Waist Height 568 Hand Circumference

8 Penal@ Height 59 Hand Circumference at Thumb

9 Glutel Furrow Helgh.

10 Crotch Height HEAD & FACE MEASUREMENTS

11 Patella Height
12 Sitting Height 60 Head Circumference

13 Eye Height Sitting 61 Sagittal Arc

14 Shoulder Height Sitting 62 Bitraglon-Coronal Arc

15 Elbow Rest Height 63 Bitraglon-Minimum Frontal Arc

16 Knee Height Sitting 64 Bitragion-Subnasale Arc

17 Popliteal Height Sitting 65 Bitragion-Menton Arc

18 Buttock-Popliteal Length 66 Bitragion.Submandibular Arc

19 Buttock-Knee Length 67 Bitrogion-Inion Arc

20 Shoulder-Elbow Length 68 Head Length

21 Forearm-Hand Length 69 Tragion to Wall

22 Functional Reach 70 Nasal Root to Wall
71 Pronasele to Wall

BREADTH MEASUREMENTS 72 External Canthus to Wall
73 Head Breadth

23 Bideltoid Diameter 74 Bitraglon Diameter

24 Chest Breadth 75 Maximum Frontal Dirometer

25 Waist Breadth 76 Bizygomatic Diameer

26 Hip Breadth 77 Bigonial Diameter

27 Chest Depth 78 Biocular Diameter

28 Waist Depth 79 Interpuplllary Distance

29 Buttock Depth s0 Interocular Diameter

30 Hip Breadth-Sitting 81 Nasal Root Breadth
82 Nose Breadth

CIRCUMFERENCE & BODY SURFACE MEASUREMENTS 83 Lip Length
84 Menton.Subnaule Length

31 Neck Circumference 85 Menton-Vertex Height

32 Shoulder Circumference 86 Head Height (Tragion to Vertex)

33 Chest Circumferenc& 87 Lip-to-Lip Distance

34 Waist Circumference 88 Nose Length

35 Buttock Circumference 89 Nose Protrusion

36 Buttock Circumference Sitting 90 Ear Length

37 Thigh Circumference 91 Ear Breadth

38 Lower Thigh Circumference 92 Ear Protrusion

39 Calf Circumference
40 Ankle Circumference SKINFOLD MEASUREMENTS

41 Scye Circumference

42 Axillary Arm Circumference 93 Subscapular Skinfold

43 Biceps Circumference 94 Juxts-Nipple Skinfold

44 Lower Arm Circumference 95 Back of Arm Skinfold

45 Wrist Circumference 96 Mid/Axillary Line at Umbilicus Skinfold

46 Sleeve I naam
47 Sleeve Length (Spine-Wrist)
48 Gluteal Arc
49 Vertical Trunk Circumference
50 Interscye
51 Interscys Maximum

4 . _
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